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ABSTRACT: In vitro organogenesis of passion fruit was studied by the induction of adventitious buds from
leaf discs in culture media supplemented with benzyladenine (BAP) or thidiazuron (TDZ). To minimize
adverse effects of ethylene accumulation on shoot development, silver nitrate (AgNO3) was added to the
induction media. Both BAP (0; 2.2; 4.4; 6.6 µmol L-1) and TDZ (0; 1.1; 2.2; 3.4 µmol L-1) were effective in
promoting shoot development. Although no significant differences were detected using AgNO3 (23.5 µmol L
-1),
buds grown in AgNO3-supplemented media were more vigorous. The number of explants with buds obtained
using TDZ and AgNO3-supplemented media (5.6) were higher than those obtained using BAP and AgNO3
(3.0). MSM + giberrellic acid (GA3), MSM + coconut water, and ½ MSM culture media were tested for shoot
bud elongation, incubated in flasks covered with either non-vented or vented lids. Best results were obtained
by culturing buds in MSM + coconut water media in flasks covered with vented lids. Plantlets transferred to
MSM + indol butyric acid (IBA) media rooted in a 30-day period. Passion fruit organogenesis was enhanced
by using TDZ and AgNO3 for bud induction. Transferring the buds to MSM + coconut water media and
incubating in flasks with vented lids favored shoot elongation and plantlet development.
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OTIMIZAÇÃO DA ORGANOGÊNESE IN VITRO DE
MARACUJAZEIRO (PASSIFLORA EDULIS F. FLAVICARPA)
RESUMO: A organogênese in vitro de maracujá foi estudada pela indução de gemas adventícias em discos de
folha cultivados em meio de cultura suplementado com benziladenina (BAP) ou thidiazuron (TDZ).  Nitrato
de prata (AgNO3) foi adicionado ao meio de cultura de indução de gemas adventícias para minimizar o efeito
do acúmulo de etileno no desenvolvimento dos brotos. Tanto BAP (0; 2,2; 4,4; 6,6 µmol L-1) como TDZ (0;
1,1; 2,2; 3,4 µmol L-1) foram eficientes em promover o desenvolvimento de brotos. Embora diferenças
significativas no uso de AgNO3 (23,5 µmol L
-1) não tenham sido detectadas, gemas adventícias desenvolvidas
em meio de cultura suplementado com AgNO3 eram mais vigorosas. O número de explantes com gemas
obtidos no meio de cultura suplementado com TDZ e AgNO3 (5,6) foi maior do que aquele obtido com BAP
e AgNO3 (3,0). Os meios de cultura MSM + ácido giberélico (GA3), MSM + água de coco ou ½  MSM foram
utilizados para o alongamento dos brotos, os quais foram incubados em frascos com tampas ventiladas ou
tampas normais. Os melhores resultados foram obtidos cultivando-se as gemas adventícias no meio de cultura
MSM + água de coco em frascos com tampas ventiladas. As plântulas transferidas para meio de cultura MSM
+ ácido indol butírico enraizaram num período de 30 dias. A organogênese in vitro de maracujazeiro foi
otimizada utilizando-se TDZ + AgNO3 para a indução de gemas adventícias. A transferência das gemas para
meio de cultura MSM + água de coco e a incubação em frascos com tampas ventiladas favoreceu o alongamento
e o desenvolvimento de plântulas.
Palavras-chave: cultura de tecidos, etileno, nitrato de prata, thidiazuron
INTRODUCTION
In vitro regeneration in passion fruit (Passiflora
edulis Sims. f. flavicarpa Deg.) has been obtained from
shoot apices or nodal segments cultivation (Drew, 1991;
Faria & Segura, 1997a; Monteiro et al., 2000; Reis et al.,
2003) or from adventitious buds developed from leaf
discs (Dornelas & Vieira, 1994; Appezzato-da-Glória et
al., 1999), hypocotyl (Faria & Segura, 1997b), or intern-
odal segments (Biasi et al., 2000). Optimized protocols
have been established mainly by using different combi-
nations of plant growth regulators, such as BAP and IBA
(Kawata et al., 1995), BAP and NAA (Dornelas & Vieira,
1994), BAP and IAA (Faria & Segura, 1997b), and dif-
ferent salt solutions (Faria & Segura, 1997b; Monteiro et
al., 2000).
In vitro morphogenesis depends not only on
chemicals present in the nutrient medium but also on at-
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mosphere composition in the culture vessel (Lai et al.,
1998; Zobayed et al., 1999). Ethylene accumulation in tis-
sue culture vessel is a consequence of the method
(Biddington, 1992; Zobayed et al., 1999). Cultivation
conditions, associated with the fact that passion fruit pro-
duces ethylene at high rates (Ludford, 1995), indicates
that the possibility of ethylene accumulation in tissue cul-
ture flasks needs to be taken into account. Culture media
supplementation with inhibitors blocking ethylene pro-
duction or action, enhance morphogenesis in several plant
species (Pua & Chi, 1993; Pestana et al., 1999;
Mohiuddin et al., 1997).
Faria & Segura (1997b) demonstrated that the
addition of silver thiosulfate (STS) to culture media sig-
nificantly increased the differentiation and development
of adventitious shoots in passion fruit. The use of venti-
lated culture vessels has also been mentioned as an al-
ternative to modify vessel atmosphere and improve gas
exchange (Zobayed et al., 1999) in in vitro culture.
This work studied the effects of culture media
supplemented with BAP or TDZ growth regulators on in
vitro passion fruit organogenesis from leaf discs. To mini-
mize the effects of ethylene accumulation in culture
flasks, both the supplementation of induction media with
AgNO3 and the growth of buds in flasks covered with
vented lids were studied.
MATERIAL AND METHODS
Plant material
Seeds (Passiflora edulis f. flavicarpa) were col-
lected from ripe passion fruits, soaked for 15 min in dis-
tilled water (45°C), surface-sterilized in 25%, commer-
cial bleach solution (2.5% sodium hypochloride) for 15
min, followed by three rinses in sterile, distilled water.
Seeds were germinated aseptically in culture vessels con-
taining ½ MS salts and vitamins (Murashige & Skoog,
1962), sucrose (2.5%), and agar (0.8%, Sigma), pH 5.8,
incubated at 27°C and 16-h photoperiod. Explants con-
sisted of 6-mm leaf discs isolated from young leaves from
60-day-old seedlings. Explants were cultivated with
abaxial surface up.
Bud induction
Explants were cultured on MS medium supple-
mented with one of the following growth regulators: 0,
2.2, 4.4, 6.6 µmol L-1 BAP or 0, 1.1, 2.2, 3.4 µmol L-1
TDZ, with or without 23.5 µmol L-1 AgNO3. Trials were
set up in completely randomized experimental design (n
= 5), each replication consisting of one Petri dish (100 ×
15 mm) with eight leaf discs. Cultures were incubated at
27°C, in the dark. All media were supplemented with 3%
sucrose, 0.8% agar (Sigma) and pH was adjusted to 5.8
before autoclaving (121°C, 20 min). AgNO3 was filter-
sterilized and added to autoclaved medium. After four
weeks, explants were scored under stereo microscope for
the number of explants with shoots. To determine the op-
timal cytokinin for bud induction, results from BAP ex-
periment were compared with those from TDZ experi-
ment. Statistical analysis was performed on (x + 0.5)½
transformed data. Mean number of responsive explants
were compared by ANOVA. Tukey’s multiple range test
(α = 0.01) was used for means comparison.
Shoot elongation and rooting
Shoots obtained from leaf discs cultured on MS
medium  supplemented with 1.1 µmol L-1 TDZ + 23.5
µmol L-1 AgNO3 were transferred for elongation to Ma-
genta GA7 boxes (Sigma) containing one of the follow-
ing  culture media: MSM  (Monteiro et  al., 2000) supple-
mented  with 2.6 µmol L-1 GA3; MSM supplemented with
coconut water (10%); or ½ MSM salts, in a completely
randomized experimental design (n = 5), each replication
consisting of one Magenta GA7 box with five explants.
Flasks were capped with normal or vented lids (Sigma).
After 45 days, plantlets with four to five leaves were
transferred to MSM medium supplemented with 4.9 µmol
L-1 IBA for rooting, incubated at 16-h photoperiod, 27°C.
Subcultures were set up at 15 days intervals. Plants were
transplanted to pots with sterile substrate (Rendmax TM)
and covered with transparent plastic bag for acclimatiza-
tion. The plastic bags were gradually removed until com-
plete acclimatization to the ambient humidity (15 - 20
days).
RESULTS AND DISCUSSION
After four weeks of culture on induction medium,
direct organogenesis was observed with multiple shoot
formations along the leaf disc cut edge. Tables 1 and 2
show results obtained with culture media supplemented
with various concentrations of BAP or TDZ, with or with-
PAB
ONgA)%(sdubhtiwstnalpxeforebmuN 3
0.0 5.32 naeM
------------------------- µ Llom 1- ------------------------
0.0 )0.0(0.0 )0.0(0.0 a)0.0(0.0
2.2 )5.72(2.2 )0.52(0.2 b)5.62(1.2
4.4 )5.74(8.3 )5.75(6.4 c)5.25(2.4
6.6 )0.06(8.4 )0.56(2.5 c)0.57(0.6
naeM A)7.33(7.2 A)8.63(59.2
Table 1 - Shoot bud formation in passion fruit (P. edulis) leaf
discs treated with different BAP concentrations, with
or without AgNO3.
Each value represents the average (%) of five replications, a total
of 40 explants per treatment
Means followed by the same letter do not differ (Tukey’s test, α =
0.01) (lower-case in column and upper-case in line). Original data
were transformed using (x + 0.5)1/2
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out AgNO3. Organogenesis did not occur in the absence
of growth regulators, and both BAP and TDZ were ef-
fective in promoting adventitious buds development. No
significant differences in the proportion of responsive
explants was detected relatively to the use of AgNO3.
Adventitious shoots developed on media supple-
mented with AgNO3 were more vigorous than those de-
veloped in the absence of AgNO3 (Figures 1a-d). There-
fore, concentrations of 4.4 µmol L-1 BAP and 1.1 µmol
L-1 TDZ were chosen for comparing the effectiveness of
growth regulators in adventitious bud development.
The number of explants with buds was higher in
media supplemented with TDZ and AgNO3 (70.0%)
(Table 3). As previously indicated by Faria & Segura
(1997b), the number of buds per explant was difficult to
quantify because buds usually appear in compact clusters.
On the other hand it was possible to visualize that induc-
tion medium supplemented with TDZ resulted in a high
frequency of buds per explant (60.0%), that is, TDZ +
AgNO3 induced high shoot quality, high proportion of
explants with a high number of buds per explants.
In vitro organogenesis of passion fruit has been
reported by culturing explants in media supplemented
with BAP or BAP + NAA (Dornelas & Vieira, 1994), or
BAP + coconut water (Hall et al., 2000). Although TDZ
has been reported as effective growth regulator for ad-
ventitious shoot induction in several crops (Malik &
Saxena, 1992; Zhang et al., 2001; Fratini & Ruiz, 2002),
its effect has not yet been tested in passion fruit in vitro
culture.
Ethylene action or biosynthesis inhibitors protect
in vitro-cultured tissues from accumulated ethylene toxic
effect (Magdalita et al., 1997) and stimulate their growth
and development (Mohiuddin et al., 1997). The use of
growth regulators in combination with ethylene inhibi-
tors to improve morphogenesis has been reported for pa-
ZDT
ONgA)%(sdubhtiwstnalpxeforebmuN 3
0.0 5.32 naeM
------------------------- µ Llom 1- -------------------------
0.0 )0.0(0.0 )0.0(0.0 a)0.0(0.0
1.1 )5.27(8.5 )5.28(6.6 b)5.77(2.6
2.2 )5.26(0.5 )5.76(4.5 b)0.56(2.5
4.3 )6.04(2.3 )5.27(8.5 b)2.65(5.4
naeM A)8.34(5.3 A)6.55(54.4
Table 2 - Shoot bud formation in passion fruit (P. edulis) leaf
discs treated with different TDZ concentrations, with
or without AgNO3.
Each value represents the average (%) of five replications 40
explants per treatment
Means followed by the same letter do not differ (Tukey’s test, α =
0.01) (lower-case in column and upper-case in line). Original data
were transformed using (x + 0.5)1/2.
aideMerutluC
sdublatot/sdubdetagnoleforebmuN
detneV
sdil
detnev-noN
sdil naeM
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retawtunococ 5/8.2 5/57.0 a5/7,1
MSM½ 5/5.0 5/52.0 b5/73.0
naeM A5/5.1 B5/35.0
Table 4 - Efficiency of shoot bud elongation in passion fruit
(P. edulis) using different culture media, with or
without vented lids.
Values represent the average (%) of five replications, 25 explants
per treatment.
Means followed by the same letter do not differ (Tukey’s test, α =
0.01) (lower-case in column and upper-case in line). Original data
were transformed using (x + 0.5)1/2.
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0.0 5.32 naeM
------------- µ Llom 1- --------
lortnoC )0.0(0.0 )0.0(0.0 a)0.0(0.0
PAB
4.4( µ Llom 1- ) )0.01(8.0 )5.73(0.3 b)7.32(9.1
ZDT
1.1( µ Llom 1- ) )0.05(0.4 )0.07(6.5 c)0.06(8.4
naeM A)0.02(6.1 B)0.53(8.2
Table 3 - Shoot bud formation in passion fruit (P. edulis) leaf
discs treated with BAP or TDZ, with or without
AgNO3.
Each value represents the average (%) of seven replications, 56
explants per treatment
Means followed by the same letter do not differ (Tukey’s test, α =
0.01) (lower-case in column and upper-case in line). Original data
were transformed using (x + 0.5)1/2.
paya (Lai et al., 1998), cauliflower (Zobayed et al., 1999)
and cucumber (Mohiuddin et al., 1997). For passion fruit,
Faria & Segura (1997b) found an increase in the fre-
quency of buds by the use of STS in leaf disc and hypo-
cotyl tissue culture.
Besides chemical methods, an alternative to ma-
nipulate gaseous conditions in the vessel headspace is
improving flask ventilation to allow efficient gas ex-
change (Lai et al., 1998). Passion fruit shoots derived
from explants cultivated in culture media in the presence
of TDZ + AgNO3 developed into whole plants upon trans-
ferring to elongation media. Table 4 showed that the use
of vented lids in combination with the supplementation
of culture media with coconut water increased the num-
ber of elongated shoots (Figure 1e). The use of coconut
water in passion fruit tissue culture increases both the per-
centage of explants with shoots (Dornelas & Vieira, 1994;
Hall et al., 2000) and the shoot height (Hall et al., 2000),
resulting in shoots with a better quality and appearance.
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The type of sealing material used in in vitro culture is
known to influence plant growth and development
(Buddendorf-Joosten & Woltering, 1994) and the use of
vented lids exerts positive effects on papaya
micropropagation (Lai et al., 1998) and cauliflower seed-
lings growth (Zobayed et al., 1999). The positive effects
of flasks gaseous atmosphere manipulation is mainly due
to ethylene and CO2 exchange with the open air.
Two to three-cm long passion fruit plantlets
rooted 30 days after being transferred to culture medium
supplemented with IBA. The higher number of explants
with shoots obtained in the presence of AgNO3 and the
higher efficiency in shoot elongation when vented lids
were used indicated that, as suggested by Faria & Segura
(1977b), the morphogenic capacity of P. edulis was lim-
ited by the ethylene accumulated in the culture flask.
Protocols on the use of shoot induction medium
with TDZ + AgNO3, as well as the supplementation of
elongation medium with coconut water in combination
with the use of vented lids for passion fruit tissue cul-
ture, presented herein can be applied to breeding pro-
grams, particularly to facilitate transgenic passion fruit
plants production.
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